Nigral innervation of cholinergic and glutamatergic cells in the rat mesopontine tegmentum: light and electron microscopic anterograde tracing and immunohistochemical studies.
The substantia nigra (SN) has long been known as an important source of afferents to the pedunculopontine tegmental nucleus (PPN). However, it has not been established which of the chemospecific cell populations receive this synaptic input. We sought to address this issue by a correlative light and electron microscopic approach that combines anterograde tracing of nigral efferents with pre-embedding choline acetyltransferase (ChAT) and/or glutamate (Glu) immunohistochemistry. Following large bilateral injections of Phaseolus vulgaris-leucoagglutinin (PHA-L) in the SN, the labeled nigrotegmental fibers were concentrated in a small area of the mesopontine tegmentum which contained very few ChAT-immunoreactive (ChAT-ir) cell bodies. However, strands of fine varicose fibers penetrated to adjacent regions of the PPN which harbored numerous cholinergic perikarya. The anterogradely labeled boutons were often seen in the proximity of ChAT-ir perikarya and dendrites, but the majority (82-93%) established symmetric synaptic junctions with noncholinergic profiles. In the pars dissipata of the PPN (PPNd), one-third of the labeled terminals synapsed onto noncholinergic perikarya and primary dendrites, while in the pars compacta of the PPN (PPNc) axosomatic synapses were rare. The possibility that the perikarya receiving a rich synaptic input from the SN are glutamatergic was tested in experiments combining anterograde transport of biotinylated tracers biocytin and dextran-amine (BDA) with glutamate immunohistochemistry. In double-labeled sections, Glu-ir perikarya within the terminal plexus of nigrotegmental fibers were surrounded by synaptic terminals. The PPNd also contained retrogradely BDA-labeled neurons which were contacted by anterogradely labeled terminals. These results indicate that although a small subpopulation of cholinergic neurons in the mesopontine tegmentum receive direct synaptic input from the SN, the primary target of nigrotegmental fibers are glutamatergic cells in the PPNd. Our results also provide ultrastructural evidence that some nigrotegmental fibers innervate pedunculonigral neurons.